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(54) IMAGE EXPOSURE DEVICE AND FOCUSING METHOD THEREOF 

(57)Abstract: 

PURPOSE: To facilitate efficient focusing in an image exposure 
device. 

CONSTITUTION: The exposure of a test pattern (a) constituted 
of four kinds of pattern, a first repeating pattern P1 lighting and U) : 
turning off beams from an LED array in a subscanning direction 
one by one, a second repeating pattern P2 lighting and tuning off 
the beams two by two, a third repeating pattern P3 lighting and 
turning off the beams four by four and a fourth repeating pattern 
P4 lighting and turning off the beams eight by eight are arranged 
in a main scanning direction in order of PI— »P2— >P3— >P4 is 
executed by the image exposure device. At the time of exposing, 
a focusing position is changed from a nonfocusing state to a — — - 
focusing state as a recording head is advanced in the * 
subscanning direction. A photosensitive material on which a 
latent image is formed by the exposure is developed and the 
density (b) of the developed image is visually observed. Then, a 
point that the density becomes lowest is searched, the focusing ] ~ b 

position (zd) corresponding to the position of the point is ****** 
obtained and an optical unit is moved to set in the focusing * 
position (zd). 
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The following is a partial English translation of JP H7- 
270673, from paragraph 0016 on page 4 to the second 
sentence of paragraph 0028 on page 5. 

[0016] To form a satisfactory image by the image 
exposure apparatus thus constructed, it is necessary to 
preadjust the focal point such that the photosensitive 
material PM lies at a position of correct focus. A focus 
adjustment procedure of the present embodiment is now 
described in the following. 

[0017] FIG. 4(a) is a flowchart showing the focus 
adjustment procedure. In focus adjustment operation of the 
embodiment, the image exposure apparatus is first caused to 
perform exposure with a test pattern as shown in FIG. 1(a) 
(step Sll). The test pattern is made up of four kinds of 
patterns, that is, a first recurring pattern PI produced by 
alternately turning on and off the beams from the LED array 
14 at each successive line, a second recurring pattern P2 
produced by alternately turning on and off the beams from 
the LED array 14 over two successive lines, a third 
recurring pattern P3 produced by alternately turning on and 
off the beams from the LED array 14 over four successive 
lines, and a fourth recurring pattern P4 produced by 
alternately turning on and off the beams from the LED array 
14 over eight successive lines. In this test pattern, the 
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first to fourth recurring patterns PI, P2, P3 , P4 are 
arranged in this order in the main scanning direction, so 
that the spatial frequency of the test pattern uniformly 
decreases in the main scanning direction at 1/2 to 1/4, 1/8 
and 1/16 of the resolution. On the other hand, the spatial 
frequency of the test pattern does not vary in the sub- 
scanning direction. In the focus adjustment operation, a 
high- sensitivity lith film which is a photosensitive 
material for producing binary images is used as the 
photosensitive material PM, for example. 

[0018] FIG. 4(b) is a flowchart showing a procedure of 
exposure (step Sll) performed with the aforementioned test 
pattern of the embodiment. In the image exposure apparatus 
of the embodiment, the procedure shown in the flowchart of 
FIG. 4(b) is performed under the control of the control 
block 34 when a command requesting exposure with the test 
pattern is input through the operation block 32. 
[0019] First, a focal point z is initially set (step 
S21). Specifically, the optical unit 45 is moved such that 
the focal point is set to a point zO slightly offset from a 
state of correct focus (step S21). The value zO indicating 
this point is assumed to be smaller than a value zf 
indicating the focal point where the state of correct focus 
is achieved in the following discussion. Even if zO is 
larger than zf , however, the focus adjustment operation can 
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be explained in a similar way by correspondingly modifying 
steps S23 and S24 below. 

[0020] In a succeeding step S22, the LED array 14 is 

alternately turned on and off in a controlled fashion while 
the drum driving motor 10 turns the drum 12 on which the 
photosensitive material PM is mounted. Specifically, the 
beams of the LED array 14 are first turned on and off 
alternately at each successive line, next over alternate 
two successive lines, then over alternate four successive 
lines, and finally over alternate eight successive lines. 
As a result, a latent image of unit patterns is formed on 
the photosensitive material PM, in which the spatial 
frequency decreases step by step in the main scanning 
direction. 

[0021] In a succeeding step S23, a judgment is made to 
determine whether the focal point z is equal to or larger 
than a specified value zmax, and if z is smaller than zmax, 
the operation flow proceeds to step S24. In step S24, the 
focal point z is varied by a specific amount Az in a 
direction toward a position where the state of correct 
focus is achieved by moving the optical unit 45. 
Subsequently, the operation flow returns to step S22, and 
the operation for forming the latent image of the 
aforementioned unit patterns is re-executed. The drum 
driving motor 10 is controlled such that the drum 12 has 
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just turned once at a point in time where the operation 
flow has returned to step S22. Therefore, the drum 12 is 
always held at the same position at a point of starting 
formation of the latent image of the aforementioned unit 
patterns . 

[0022] The operation of step S22 is repeatedly executed 
in the aforementioned manner until the focal point z 
reaches the specified point zmax. During this process, the 
recording head 40 is caused to move in the sub- scanning 
direction by the lateral feed motor 30. Consequently, the 
latent image of the unit patterns, of which spatial 
frequency decreases step by step in the main scanning 
direction, is repeatedly formed in the sub- scanning 
direction. Since the drum 12 is always set to the same 
position at the point where the operation flow returns to 
step S22, the spatial frequency of the latent image formed 
does not vary in the sub -scanning direction. 
[0023] If the focal point z is judged to be equal to or 
larger than the specified value zmax in step S23, exposure 
with the test pattern is complete. 

[0024] The photosensitive material PM on which the 
latent image of the test pattern has been formed by the 
aforementioned procedure of FIG. 4(b) is accommodated in a 
recovery case and brought to a separate developing unit 
where the image is developed (step S12). This step is 
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omitted when a photosensitive material requiring no 
development process is used. Since the photosensitive 
material PM is for producing binary images as stated above, 
an image obtained by this development step is a binary 
image (hereinafter referred to as a test image) of which 
portion irradiated with stronger light than a threshold 
level of the photosensitive material PM shows black and the 
other portion shows white, without producing any gray- scale 
gradations- The threshold level of the photosensitive 
material PM is so low that the area of the black portion of 
the image increases as the photosensitive material PM is 
offset from the state of correct focus. Therefore, if the 
test image is observed in its entirety, its density varies 
in the sub- scanning direction as a result of a change in 
the focal point as depicted in FIG. 1(b), showing the 
lowest density level in areas of the state of correct focus 
and progressively lower density levels in areas farther 
away from the areas of the state of correct focus, although 
the spatial frequency of the test pattern itself does not 
vary in the sub- scanning direction. As a consequence, the 
test image appears as shown in FIG. 2(a) when observed by 
the naked eye. 

[0025] The phenomenon that the image darkens in areas 
farther away from the areas of the state of correct focus 
is most conspicuous in the first recurring pattern PI 



-5- 



produced by alternately turning on and off the beams from 
the LED array 14 at each successive line. It becomes more 
difficult and eventually impossible to observe this 
phenomenon by the naked eye as the number of lines produced 
by alternately turning on and off the beams is increased to 
two, four, and upward, or as the spatial frequency is 
decreased. Therefore, areas which appear like the areas of 
the state of correct focus increase from the first 
recurring pattern PI toward the second recurring pattern 
P2, the third recurring pattern P3 and the fourth recurring 
pattern P4 as shown in FIG. 2(a). 

[0026] In this embodiment, a position of correct focus 
is determined in the following fashion by use of the 
aforementioned characteristics of the test image (step 
S13). First, a portion of the lowest density level in the 
pattern of the lowest spatial frequency is identified by 
observing the test image by the naked eye. Then, a portion 
of the lowest density level in each pattern of the 
successively higher spatial frequencies is identified. 
Finally, a portion of the lowest density level in the first 
recurring pattern PI of the highest spatial frequency is 
identified. A focal point zd corresponding to a point of 
the lowest density level is determined from this 
observation, and this point is judged to be the position of 
correct focus. The density level of the 9th unit pattern 
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is the lowest, zd = z8, in the example shown in FIG. 2(a). 
Therefore, provided that the amount of shift Az of the 
focal point by a single movement of the optical unit 45 is 
10 jim (refer to step S24), a point reached by moving the 
focal point by 10 x 8 = 80 \xm from the reference point zO 
is judged to be the position of correct focus. 
[0027] The focal point is adjusted by moving the optical 
unit 45 based on the result of the aforementioned 
observation (step S14). Specifically, a command for moving 
the optical unit 45 up to the focal point zd obtained in 
step S13 is entered through the operation block 32, whereby 
the control block 34 causes the focus adjustment motor 18 
to move the optical unit 45 to set it at the focal point 
zd. 

[0028] According to the embodiment, the focal point can 
be determined by observing the test image by the naked eye 
without using a magnifying glass, for instance, as 
described above. Thus, it is possible to easily perform 
focus adjustment and achieve an improvement in the 
efficiency of the focus adjustment operation. In addition, 
since a judgment whether a state of correct focus is 
already achieved or not is made by observing the density of 
the test image, the embodiment does not require any special 
skill unlike the conventional approach. 
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